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Claims 

1. A method for determining components of a tube casing surrounding a tube, using 
amplitude measurements of an acoustic signal wavefront emitted inside the tube, the acoustic 
signal wavefront being affected by the components of the tube casing while propagating in the 

5 tube the method comprising 

• Determining an attenuation A(E) of the amplitude inside the tube, 

• Determining a percentage of cement bonded <p c in the tube casing, a percentage of 
cement de-bonded <f> D in the tube casing and a percentage of liquid $ w in the tube 
casing, by inverting the following equations : 

" l °B E n - *c * l°g£/M./c + Ar * ^gE plJp +0 D * logE plJ . d 

wherein E Pl is the amplitude measured at a location PI, E pi/p is the amplitude at the 
location PI for a free-pipe tube casing, E pl fe is the amplitude at the location PI for a 
15 fully cemented tube casing, E PXJd is the amplitude at the location PI for a fully de- 

bonded tube casing, and a(e /p ), a(e, c ), A(E fi ) being the attenuations of amplitude 
in case the tube casing is respectively free-pipe, fully cemented, and fully de-bonded. 

2. A method for determining components of a tube casing surrounding a tube, using 
amplitude measurements of an acoustic signal wavefront emitted inside the tube, the acoustic 

20 signal wavefront being affected by the components of the tube casing while propagating in the 
tube, the method comprising 

• Determining a coupling Amplitude E 0 by extrapolating amplitude measurements 
made at various locations in the tube to a location of a source of the acoustic signal, 

• Determining a percentage of cement bonded <j> c in the tube casing, a percentage of 
25 cement de-bonded <j> D in the tube casing and a percentage of liquid <j> w in the tube 

casing, by inverting the following equations : 
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" log^ =<* c *logE PUfe +<f> w *logE plJp + <* D *\ogE PlJd 

* 

■ log£ 0 = <f> c * log£ 0/c + A, * log£ 0 /p + * log£ oja 

wherein is the amplitude measured at a location PI, /p is the amplitude at the 
location PI for a free-pipe tube casing, E n fe is the amplitude at the location PI for a 
fully cemented tube casing, E nja is the amplitude at the location PI for a fully de- 
bonded tube casing, E 0Jj> is the coupling amplitude for a free-pipe tube casing, £ 0 /c 
is the coupling amplitude for a fully cemented tube casing, E 0/d is the coupling 
amplitude for a fully de-bonded tube casing. 
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A method for determining components of a tube casing surrounding a tube, using 
amplitude measurements of an acoustic signal wavefront emitted inside the tube, the acoustic 
signal wavefront being affected by the components of the tube casing while propagating in the 
tube, the method comprising 

• Determining an attenuation A(E) of the amplitude inside the tube, 
15 • Determining a coupling Amplitude E 0 by extrapolating amplitude measurements 

made at various locations in the tube to a location of a source of the acoustic signal, 
® Determining a percentage of cement bonded 4> c in the tube casing, a percentage of 

cement de-bonded $ D in the tube casing and a percentage of liquid <f> w in the tube 

casing, by inverting the following equations : 



25 



■ log£ 0 = </> c * log£ 0 /c + 0^ * l O g£ 0 /p +0 D * logE 0Jd 
- A(E)=t c *A(E fc )+<fi„,*A{E fp )+t D *A(E /il ) 

wherein A(E /p ) t A(E ft ), A{E fd ) correspond respectively to the attenuations of 
amplitude in case the tube casing is free-pipe, fully cemented, and fully debonded, and 
E Q Jp is the coupling amplitude for a free pipe tube casing, E o fe is the coupling 
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amplitude for a fully cemented tube casing, E ofd is the coupling amplitude for a fully 
de-bonded tube casing. 

4. The method according to anyone of claims 2 to 3, wherein determining the coupling 
amplitude E 0 further comprises 

5 • Defining a linear function E(x)=A*X + E 0 in which an amplitude E(x) of an 

acoustic signal wavefront measured at a location X in the tube is subject to an 
attenuation A, and 

• Calculating E(x)= e(o) for a location where X=0, corresponding to a source of the 
acoustic signal in the tube. 
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